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Abstract: The mass diffusion equation and corresponding initial and boundary conditions were non-dimensionalized for 
a spherical adsorbent particle in an infinite adsorptive medium to reduce number of independent governing parameters 
into two as mass transfer Biot number and dimensionless isotherm. The changes in local and average adsorbate 
concentration throughout the adsorption process were calculated and plotted for different values of mass transfer Biot 
numbers (ranging from 0.5 to 750) and for five different isotherm shapes. The obtained results indicated that the isotherm 
shape influences dimensionless period of adsorption, if the external mass transfer resistance is significant in the process. 
For those cases, the total dimensionless adsorption period for a convex shape isotherm is shorter than a concave one.  
Keywords: Isotherm shape, mass transfer, physical adsorption, solid diffusion. 
1. INTRODUCTION 
 Adsorption is simply the transfer of a fluid to a solid 
surface where it is held by attraction forces between the solid 
and the molecules of the fluid. Related to the nature of forces 
involved, the phenomena may be called as chemical or phy-
sical adsorption. Although in the case of chemical adsorp-
tion, chemical bond is formed between the sorbate and the 
adsorbent resulting from the transfer of electrons; in physical 
adsorption there is no chemical bond formation and van der 
Waals forces are responsible for the adsorption. If either the 
solid or the fluid is polar in nature, contributions of the 
electrostatic forces will also be arising due to polarization, 
dipole, and quadrupole interactions.  
 Adsorption phenomena have broad range of application 
in the nature as well as in the industry. It is widely faced in 
the catalytic reactions and in the separation/purification 
processes. The recovery of the chemical compounds, water 
purification, separation and purification of air, drying, 
medical treatments, and recently thermally driven energy 
systems are among its applications which we come across in 
the daily life. For a specific application, the selection of a 
proper adsorbent is the most crucial step. Factors such as the 
selectivity and capacity of the adsorbent, affinity of the 
adsorbent /adsorptive pair for each other, the rate and the 
reversibility of the process are among the prime concerns of 
the decision makers for a specific industrial application of 
adsorption. While studies related to the improvement of the 
well known classical adsorbents (such as zeolite, silica gel, 
active carbon) are going on, there are efforts for finding new 
pairs such as carbon nanotubes, nanohorns, activated carbon  
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fibers [1-3]. The diffusion rate of an adsorbate in an adsor-
bent particle can be determined based on Fick’s law. For an 
isothermal adsorption process, the differential mass balance 
equation, adsorption equilibrium relationship together with 
the initial and the boundary conditions are employed to 
determine the change of adsorbate concentration in the 
particle. The effective mass diffusivity may not be constant 
during adsorption and it may vary with adsorbate concen-
tration. 
 In the literature, there are not many detailed studies on 
the effect of isotherm shape on adsorption period or 
adsorption rate. Erkey et al. [4] investigated the influence of 
isotherm shape on adsorption and desorption profiles of 
volatile organic contaminants from oven-dried soil in a 
packed bed column. They showed the strong influence of 
isotherm on both adsorption and desorption breakthrough 
profiles. San and Lin [5] performed a theoretical study to 
compare three adsorption pairs having different isotherms 
(activated carbon–methanol, silica gel–water, and 13X 
molecular sieves – water) for using as working substances in 
a multi-bed adsorption heat pump. They found that among 
the three considered adsorption pairs, the activated carbon–
methanol pair possesses the highest vapor pressure in the 
adsorber. Due to the higher vapor pressure larger overall heat 
transfer coefficient between the adsorptive and adsorbent 
were obtained, and consequently the cycle time was de-
creased. Nobrega and Brum [6] performed a theoretical study 
on the influence of isotherm shape over desiccant cooling 
cycle performance. Three different desiccant materials were 
represented by a generalized adsorption isotherm, which was 
characterized by a single parameter. The analysis revealed 
that silica gel exhibits better performance than Zeolite 4A 
particularly for low regeneration temperatures. Heat and 
mass transfer in a single adsorbent particle with negligible 
and/or considerable external heat and mass transfer resist-
ances are discussed by Karger and Ruthven [7, 8]. Generally, 
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the dimensional form of heat and mass transfer equations for 
a single particle are considered in these text books. Suzuki 
[9] studied the dimensionless form of heat and mass transfer 
equations for a single spherical particle. However; detailed 
discussions on the effects of isotherm shape and external 
mass transfer resistance on the change of adsorbate concen-
tration in the particle and adsorption period were not 
performed. 
 The aim of present study is to perform a theoretical work 
to investigate the effect of isotherm shape on the total 
dimensionless adsorption period of an isothermal physical 
gas adsorption process. The study is performed for the 
adsorption cases in which the adsorbed gas (i.e., adsorbate) 
is transferred uniformly from the surface to the center of 
adsorbent particle by surface (or solid) diffusion mechanism. 
In order to reduce number of governing parameters, mass 
diffusion equation for a spherical adsorbent particle and the 
related initial and boundary conditions are non-dimension-
lized. The number of governing parameters is reduced to two 
parameters as mass transfer Biot number and dimensionless 
isotherm equation which provides a relation between dimen-
sionless adsorbate concentration and dimensionless adsorp-
tive density. The mass diffusion equation is numerically 
solved for different values of mass transfer Biot number and 
isotherm shapes. Based on the obtained results, variation in 
local adsorbate concentration profiles and the changes in 
average dimensionless adsorbate concentration over dimen-
sionless time are plotted, and the effects of isotherm shape 
on the total dimensionless adsorption period are discussed in 
details.  
2. ADSORPTION EQUILIBRIA 
 The maximum amount of vapor taken up by an adsorbent 
at a specified temperature and pressure is determined by 
adsorption equilibria. Adsorption equilibrium relationship at 
constant temperature (i.e., adsorption isotherm) provides a 
relationship between equilibrium concentrations of adsorbate 
and adsorptive. The equilibrium condition between adsor-
bent and adsorbate can be estimated by various theoretical 
and experimental methods. Fig. (1) shows the isotherm 
shapes of different adsorbents-water vapor pairs. As seen, 
the shapes of isotherms are quite different from each others. 
Isotherms of FAMZ02-water and Zeolite 13X-water have 
convex shape, isotherm of Carbon Aerogel a-CA-54 – water 
has concave shape while isotherms of Silica Fuji Silys RD-
water has a linear configuration. Considering the possible 
effect of adsorption isotherm shape on the adsorption period, 
the isotherm shape will be guiding in the selection of a 
proper pair. 
 Different shapes of isotherms exist based on the nature 
and affinity of adsorbent-adsorbate pairs. Although various 
shapes of adsorption isotherms were reported in the 
literature; six basic standard adsorption isotherms, defined 
by International Union of Pure and Applied Chemistry (i.e., 
IUPAC), are shown in Fig. (2). Adsorbents with pore sizes 
approximately equal to the molecule size of adsorbate 
comply with type I isotherm. It is the characteristic isotherm 
shape for molecular sieves zeolites. Types II and IV define 
the adsorption which occurs in the adsorbents with dominant 
macropores. Types III and V isotherms do not exhibit knee 
shape behavior on their curves which is an indicative of 
weak adsorbent-adsorbate interactions [10]. The stepped 
isotherm, appropriately designated Type VI and relatively 
rare, is of particular theoretical interest [11]. In gas 
adsorption, although the adsorptive concentration is usually 
expressed in terms of pressure, in this study for simplicity, 
adsorptive concentration is given in terms of adsorptive 
density. The isotherm based on density variation can be 
easily obtained from adsorptive pressure by using ideal gas 
law under low pressure isothermal process conditions. 
 Adsorption equilibrium relationship determines the 
adsorbate concentration at the outer surface of an adsorbent 
particle, and it is generally represented by an isotherm (i.e. 
 
Fig. (1). Adsorption isotherms for water vapor - adsorbent pairs  (1) SWS-1L; (2) FAM-Z02; (3) SWS-5L; (4) Zeolite 13X; (5) FAM-Z01; 
(6) Silica Fuji Silys RD; (7) Carbon Aerogel a-CA-54; (8) Pitch-based ACF P5 [1]. 
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equilibrium concentrations under constant temperature). For 
a gas phase adsorption at the specified temperature, the rela-
tionship between adsorbate concentration in the adsorbent 
particle and adsorptive pressure (i.e., gas or vapor pressure) 
is generally preferred to describe equilibrium condition. 
There exist numbers of adsorption equilibrium models; 
Henry Law, Langmuir, Dubinin-Astakhov, and Freundlich 
are the ones which are frequently used. Henry Law with 
linear relationship which is valid for low concentrations is 
preferred due to its simplicity. An adsorption isotherm for a 
specific case can be obtained experimentally.  The obtained 
experimental data can be used to find the best fit model for 
the considered adsorption process.  
 
Fig. (2). Types of adsorption isotherms based on IUPAC 
classification. 
3. THE STUDIED ADSORBENT PARTICLE  
 Fig. (3) shows a schematic view of the analyzed adsor-
bent particle. Fig. (3a) shows the dimensional quantities for 
the studied adsorbent particle while Fig. (3b) illustrates the 
dimensionless quantities. It is assumed that the adsorbent 
particle is located in an infinite adsorptive media. It has a 
spherical shape with a radius of rp. The pressure, density, and 
temperature of the adsorptive are P
!
, !"  and T!  which are 
constant during the adsorption. The process is isothermal and 
the surface of adsorbent particle is at equilibrium. The 
external mass transfer resistance at the outer region of 
adsorbent particle causes a density gradient around the 
particle and consequently the adsorptive density at the outer 
surface of particle becomes different than the density of the 
surrounding vapor. In this study, it is assumed that Fick’s 
law is valid for adsorbate diffusion from the surface to the 
center of the adsorbent particle and the drive force for 
adsorbate transfer through the adsorbent particle is only the 
adsorbate concentration gradient in radial direction. The 
adsorbate concentration is defined based on the weight of 
adsorbate in the dry adsorbent particle (i.e., W). Moreover, 
the mass diffusivity is assumed constant, and it can be 
represented by effective mass diffusivity (i.e., Deff ). The 
effective mass diffusivity (or apparent mass diffusivity) 
involves all mass transfer mechanisms such as such as 
surface, pore diffussion etc in the adsorbent particle.  
 
Fig. (3). Schematic view of analyzed adsorbent particle (a) 
dimensional quantities (b) dimensionless quantities. 
 The dimensionless form of the isotherm equation yields a 
relation between dimensionless adsorptive density ( !
v
* ) and 
dimensionless adsorbate concentration (W*); 
W
*
= (!
v
*
)
n  (1) 
where; 
W
*
=
W
W!
, "
v
*
=
"
v
" !
 (2) 
 Here, !"  is the adsorptive density and W!  represents 
the equilibrium adsorbate concentration at !"  and T! . As it 
was shown in Fig. (1), many shapes of isotherms exit. The 
shape of them can be convex, concave, linear, etc. Eq. (1) is 
used to generate different dimensionless isotherm shapes 
since the aim of present study is to show the effect of 
isotherm shape on dimensionless adsorption period. It should 
be mentioned that the present study is not performed for a 
specific adsorbent-adsorbate pair. The coefficient of n  is a 
constant related to the shape of the isotherm. The isotherm 
with n  = 0.05 has a convex shape while a concave shape is 
seen for the isotherm with n  = 20.  The present study was 
performed for different n  values (0.05, 0.5, 1, and 20). Fig. 
(4) depicts the isotherm shapes studied in the present work. 
 
Fig. (4).  Different shapes of studied isotherms. 
 The dimensionless form of isotherms is useful diagrams 
since it can unify the isotherms of various adsorbent-adsor-
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bate pairs. Fig. (5) shows the dimensional and dimensionless 
isotherms of silica gel – water and active carbon – ammonia 
pairs for 40 and 60 °C, respectively. The isotherm equations 
were plotted based on the relations given by Daou et al. [12] 
and Tamainot-Telto et al. [13] respectively. In Fig. (5b), the 
adsorbate concentration is non–dimensionlized by using Eq. 
(2). The equilibrium adsorbate concentration for silica gel – 
water at 40 oC and Active carbon –ammonia at 60 oC are 
0.448 (kg/kg) and 0.81 (kg/kg), respectively. As seen, 
although dimensional isotherms of two pairs are different 
from each other, the dimensionless isotherms are identical.  
Hence, the results of a dimensionless study based on 
dimensionless isotherm of Fig. (5b) are valid for both 
adsorbent-adsorbate pairs, if the adsorbate transport can be 
represented by the same mass transfer mechanism.  
 
(a) 
 
(b) 
Fig. (5). Isotherm graphs of silica gel – water pair at 40 °C and 
active carbon – methanol pair at 60 °C.  a) dimensional b) 
dimensionless. 
4. MASS DIFFUSION EQUATION 
 Considering the assumptions explained in previous sec-
tion, for a surface diffusion (or solid diffusion) of adsorbate 
in an adsorbent particle, the following partial differential 
equation can be written to obtain the distribution of the 
adsorbate concentration in the adsorbent particle during the 
adsorption process.  
!W
!t
=
1
r
2
!
!r
r
2
Deff
!W
!r
"
#$
%
&'
 (3) 
 The initial and boundary conditions of Eq. (3) can be 
written as; 
At  r = 0  
 !W
!r
= 0  (4) 
At   r = rp 
 !Deff "p
#W
#r
= hm ("v r=rp
! "$ )  (5) 
At   t = 0 
 W = 0  (6) 
where hm is convective mass transfer coefficient and 
!
v r=rp
represents adsorptive density at the outer surface of 
the adsorbent particle which is in equilibrium with the adsor-
bate concentration. The following dimensionless parameters 
can be used to obtain the dimensionless form of the mass 
diffusion equation and related initial and boundary condi-
tions; 
W
*
=
W !Wi
W" !Wi
; r
*
=
r
rp
; # =
Deff t
rp
2
; $v
*
=
$v
$"
 (7) 
 By using the above dimensionless parameters, the 
dimensionless form of mass diffusion equation for the 
considered spherical adsorbent particle becomes as: 
!W *
!"
=
1
r
*2
!
!r*
r
*2 !W
*
!r*
#
$%
&
'(
 (8) 
 The dimensionless initial and boundary conditions for the 
problem can be written as: 
At r* = 0 ;
 !W
*
!r
*
= 0  (9) 
At r* = 1 ;
 !
"
#$
%
& '=
(
(
=1
*
*'
*
*
1
r
vmBi
r
W
)  (10) 
At ! = 0 ;
 W * = 0  (11) 
 The left side of Eq. (10) depends W * while the right side 
contains !
v
* . Hence, an additional relation is necessary to 
find !
v
*  in terms of W * . The dimensionless isotherm equa-
tion (Eq. (1)) can be used to establish the required relation. 
 Bi
m
 is mass transfer Biot number. It is different than 
classical mass transfer Biot number and it can be calculated 
from the following equation; 
Bi
m
= Bi
m
G  (12) 
where, Bi
m
is the classical mass transfer Biot number. Bi
m
 
and G are defined as; 
Bim =
hmrp
Deff
 (13) 
G =
!"
!p (W" #Wi )
 (14) 
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 In order to specify the range of Bi
m
, theoretical calcu-
lations are performed. For instance, the values of Bi
m
for a 
commercial silica gel – water pair at T = 303 K is found as 
254.1 when rp=1.25 mm and 0.01 m/s. The performed 
theoretical studies showed that the considered range (from 
0.5 to 750) of Bi
m
can be faced in reality.  
5. SOLUTION METHOD 
 The mass diffusion equation with initial and boundary 
conditions mentioned in the pervious section were solved 
numerically by finite difference method. The governing 
equations are linear however the condition for outer 
boundary condition is nonlinear (Eq. (10)). An inner iteration 
was performed to obtain the value of W * at the outer surface 
of the adsorbent particle by using the dimensionless 
isotherm. The convergence criterion for inner iteration was;  
W
*
r
*
=1
k+1
!W
*
r
*
=1
k
< 10
!7  (15) 
where, k is step number. It was assumed that the adsorption 
process was completed when W * = 0.99 . The duration 
which was required for adsorbate concentration to be 
attained from W * = 0  to W * = 0.99  was called as total 
dimensionless period of adsorption. The average adsorbate 
concentration (i.e., W * ) was calculated numerically.  
Number of nodes in radial direction was 200.  
6. RESULTS AND DISCUSSION  
 The results of the dimensionless mass diffusion equation 
(Eq. (8)) under initial and boundary conditions (Eqs. (9-11)) 
are obtained and presented in this section. It should be 
mentioned that the following results and discussions are 
valid for an isothermal gas adsorption in an adsorbent 
particle when Fick’s law is valid, diffusion from surface to 
the center of particle occurs only by solid or surface 
diffusion and finally when the mass transfer diffusivity is 
constant. 
6.1. Intraparticle Diffusion Controlling 
 The intraparticle diffusion controlling refers to the 
negligible effect of convective external mass transfer 
resistance on transfer rate. This kind of mass transfer 
mechanism occurs in the particles with large values of mass 
transfer Biot number. For the large values of mass transfer 
Biot number, a negligible gradient of adsorptive density 
exists at the outer region of adsorbent particle (i.e., 
W
*
r
*
=1
! 1 ). Therefore, the boundary condition at the outer 
surface of the particle become as: 
at r* = 1 ; 
W
*
= 1  (16) 
 For a case with intraparticle diffusion controlling, the 
solution of Eq. (8) does not depend on any dimensionless 
parameter, and the dimensionless uptake curve for all shapes 
of isotherms is expected to be identical. The solution of Eq.  
 
(8) was obtained and dimensionless uptake curve is shown in 
Fig. (6). Since Eq. (8) and its initial and boundary conditions 
for a case with intraparticle diffusion controlling are linear, 
its analytical solution is also possible. Fig. (6) shows the 
comparison of the analytical solution of Eq. (8) [7] with the 
obtained numerical results of this study. A good agreement 
between two results can be observed. Fig. (6) also presents 
the accuracy of the present numerical study. It shows that the 
dimensionless adsorbate concentration attains to 1 after a 
dimensionless period of 0.42 (i.e., !
total
= 0.42 ). This total 
dimensionless adsorption period is valid for all isotherm 
shapes when intraparticle mass transfer resistance controls 
adsorption process. 
 
Fig. (6). Dimensionless uptake for an adsorbent particle with 
intraparticle diffusion controlling. 
6.2. Effect of External Mass Transfer Resistance 
 The solution of the mass transfer equation (Eq. (8)) with 
the initial and boundary conditions (Eq. (9-11)) were 
obtained for different values of Bi '
m
 and various shapes of 
isotherms. The uptake curves for different values of Bi '
m
 
( Bi '
m
=100, 20, 1 and 0.5) when n = 0.05 are illustrated in 
Fig. (7). For n = 0.05, the isotherm has convex shape and 
dimensionless adsorbate concentration can attain to 
maximum equilibrium value (i.e. W * = 1)  at a low 
dimensionless density. As seen from the Fig. (7), the 
variation of the average adsorbate concentration with time 
for Bi '
m
 = 20 and 100 are identical. For these values of Bi '
m
, 
the external mass transfer resistance is not the controlling 
parameter. However, Fig. (7) shows that the adsorption 
period is highly influenced from Bi '
m
 for the cases such as 
Bi
'
m
= 1 and 0.5. The decrease in Bi '
m
 refers to the increase 
of external mass transfer resistance, and that is why the total 
adsorption period increases for the cases with Bi '
m
= 1 and 
0.5. The total adsorption period for an adsorbent particle 
with Bi '
m
 = 20 is ! = 0.42 , however the decrease of 
Bi
'
m
from 20 to 0.5 prolongs the total adsorption period to 
! = 0.92 . 
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Fig. (7). The changes in average adsorbate concentration for 
different values of Bi
m
'  when n = 0.05.  
 In order to determine a critical mass transfer Biot number 
(i.e., Bi
m,cr
' ), Eq. (8) was solved for different values of Bi
m
'  
and the obtained results were compared with the results of 
case without external mass transfer resistance shown in Fig. 
(6). It was observed that the changes in average adsorbate 
concentration are almost identical at 90% of adsorption 
process period when Bi
m,cr
' > 15 for an isotherm with n = 
0.05. The following criterion was used to determine Bi
m,cr
'  
(for 90% adsorption period): 
W
*
(! ,n,Bi
m
'
) "W
*
(! ,n) < 0.05  (17) 
where W *(! ,n,Bi
m
'
)  is the average adsorbate concentrations 
of the particle with mass transfer Biot number of Bi
m
' and an 
isotherm shape represented by n. W *(! ,n)  is the average 
adsorbate concentration for a case with negligible external 
mass transfer resistance. 
 The changes in local adsorbate concentration with time 
for Bi
m
' = 20 and 0.5 are shown in Fig. (8a) and (b), 
respectively when n = 0.05. The local adsorbate 
concentration in the particle is zero at the beginning of 
adsorption process. As seen from Fig. (8a), after a short 
period of ! = 0.01 , the adsorbate concentration at the surface 
of adsorbent particle reaches the final equilibrium 
concentration (i.e., W * = 1 ). The adsorbate is diffused to the 
center of particle and the local adsorbate concentration 
increases over time. After approximately ! = 0.4 , the 
adsorbate concentration in the entire particle attains the 
equilibrium state. Fig. (8b) shows the local adsorbate 
concentration in the particle with Bi
m
' = 0.5 for the same 
value of (n = 0.05). The local adsorbate concentration in the 
particle is initially zero. After ! = 0.01 , the adsorbate 
concentration at the outer surface of adsorbent particle 
becomes 0.063 (i.e., W *= 0.063 ) which is less than W *= 1  
due to the existence of external mass transfer resistance. The 
adsorbate concentration increases over time not only at the 
surface but also at center region of adsorbent particle. After 
! = 0.92 , the average adsorbate concentration of the 
adsorbent particle approximately attains the final value 
which is W *= 1 . 
 
(a) 
 
(b) 
Fig. (8). The change in local adsorbate concentration with time a) 
Bi
m
'  = 20, n = 0.05; b) Bi
m
' = 0.5, n = 0.05.  
 The changes in average adsorbate concentration over 
time for adsorbent-adsorbate pairs with isotherm of n = 20 
and Bi
m
' = 200, 100, 20, 1, 0.5 are shown in Fig. (9). The 
uptake curves of Bi
m
' = 100 and 200 are close to each other. 
The obtained results show that the average adsorbate 
concentrations are almost identical at least for 90% of 
adsorption period for the cases with mass transfer Biot 
number greater than 750 (i.e., Bi
m,cr
' = 750). The decrease of 
Bi
m
' extends the period of adsorption due to increase in the 
external mass transfer resistance. For n = 20, the 
dimensionless adsorption period for an adsorbent particle 
with Bi
m
'  = 100 is ! = 0.66 , and the decrease of Bi
m
' from 
100 to 0.5 prolongs the period of adsorption to ! = 53.71 .  
 The effects of isotherm shape on the changes of average 
adsorbate concentration with dimensionless time can be seen 
from Fig. (10) when Bi
m
' = 1. As seen, the average adsorbate 
concentration for isotherm with n = 0.05 (convex shape) 
reaches final equilibrium value faster than the other iso-
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therms. By increasing value of n from 0.05 to 20 (i.e., 
change of isotherm shape from convex to concave), the 
dimensionless time required for the adsorbate concentration 
to reach the equilibrium is highly prolonged. 
 
Fig. (10). The change in average dimensionless concentration with 
dimensionless time for different shapes of isotherm when Bi
m
' =1. 
 Fig. (11) shows the variation of total dimensionless 
adsorption period with the dimensionless shape of isotherm 
for different values of Bi
m
' . As seen for Bi
m
' = 750, the 
adsorption period is short (around ! = 0.42 ) and it is not 
influenced by the shape of isotherm. By the decrease in Bi
m
'  
from 750 to 20, the total adsorption period is not changed for 
isotherm with n = 0.05. However, an increase in adsorption 
period for dimensionless isotherm with n = 20 can be 
observed. Further increase in effect of external mass transfer 
resistance extends the period of adsorption and the total 
dimensionless period is considerably affected from the shape 
of isotherm when Bi
m
' = 0.5. For the range of Bi
m
'  and 
shapes of isotherms studied in the present work, the maxi-
mum total dimensionless adsorption period was observed for 
an adsorbent particle with n = 20 and Bi
m
' = 0.5 (i.e., !
total
 = 
53.71). 
 Based on criterion defined by Eq. (17), the critical mass 
transfer Biot number was determined for different isotherm 
shapes and the results are presented in Fig. (12). As seen, the 
value of critical Biot number depends on isotherm shape. 
The value of critical Biot number increases by change of 
isotherm shape from convex to concave shape. For an 
 
Fig. (9). The changes in average adsorbate concentration with time when n = 20  and Bi
m
' = 200, 100, 20, 1, 0.5.   
 
Fig. (11). The change in total dimensionless adsorption period with shape of the isotherm for different values of Bi
m
' . 
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isotherm with n = 0.05, the value of critical mass transfer 
Biot number is Bi
m
' = 15, and this value increases to Bi
m
' = 
750 for n = 20. 
 
Fig. (12). Critical mass Biot number for different isotherm shapes. 
7.  CONCLUSIONS 
 The dimensionless form of mass diffusion equation for a 
spherical adsorbent particle located in an infinite adsorptive 
medium was solved for different shapes of isotherms and 
different values of mass transfer Biot number. The effective 
diffusivity was assumed constant and Fick’s law is valid to 
simulate surface diffusion due to adsorbate concentration 
gradient in the particle. Based on the obtained results, it was 
found that the total dimensionless adsorption period is not 
influenced from the shape of isotherm for the cases with 
mass transfer Biot number greater than critical mass Biot 
number. However, the total dimensionless adsorption period 
is considerably affected from the shape of isotherm for the 
cases with mass transfer Biot number less than Bi
m,cr
' . When 
Bi
m
'
< Bi
m,cr
' , the dimensionless adsorption period is consi-
derably shorter for convex isotherms (such as n = 0.05) 
compared to concave one (such as n = 20). For a mass Biot 
number of 20, the total dimensionless period of adsorption 
for an isotherm with convex shape (i.e., n = 0.05) is 
! = 0.42, this value extends to ! =1.71  for an adsorbent-
adsorbate pair with concave isotherm shape (i.e., n = 20). 
The critical mass Biot numbers for different shapes of 
isotherms were also calculated.  The critical mass Biot 
number (i.e., Bi
m,cr
' ) for an isotherm with n = 0.05 was found 
as 15 and the value of Bi
m,cr
'  increases to 750 for an isotherm 
with n = 20. 
 The results of present study showed that the shape of 
isotherm should be taken into account for the cases in which 
the external mass transfer plays an important role on mass 
transport. For those cases, the adsorbent-adsorbate pairs with 
convex shape isotherm should be selected in order to have 
shorter adsorption period. The present study can be extended 
and performed for macropore controlled intraparticle 
diffusion and non-isothermal adsorption processes. 
NOMENCLATURE 
Bi
m
 = Mass transfer Biot number (Eq. (12)) 
D = Diffusivity(m2/s) 
hm = Mass transfer coefficient (m/s) 
k = Iteration step number 
n = Isotherm constant (Eq.(1)) 
r = Radius (m) 
r* = Dimensionless radius 
t = Time (sec) 
T = Temperature (K) 
G = A constant (Eq.(14))  
W = Adsorbate concentration (kg adsorbate/kg dry  
  adsorbent) 
W* = Dimensionless adsorbate concentration 
P = Pressure (kPa) 
P* = Dimensionless pressure 
Greek Symbols 
!  = Density (kg/m3) 
!*  = Dimensionless density 
!  = Dimensionless time 
Subscripts 
s = Surface 
p = Particle 
v = Vapor, gas 
!  = Equilibrium state  
eff  = Effective 
i = Initial 
sat = Saturation 
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